A thermophilic poly(L-lactide)-degrading Gram-stain-positive filamentous bacterial strain that develops single spores on the aerial mycelium was isolated from forest soil at Srinagarind Dam, Kanchanaburi Province, Thailand. The results of a polyphasic taxonomic study showed that our isolate had characteristics typical of members of the genus Polycladomyces. The isolate grew aerobically at an optimum temperature of 50-55 C and optimal pH 6-7. Meso-diaminopimelic acid was present as the diagnostic diamino acid in the peptidoglycan but no characteristic sugars are detected. The predominant menaquinone was MK-7. The diagnostic phospholipids were phosphatidylethanolamine, phosphatidylmethylethanolamine diphosphatidylglycerol, phosphatidylglycerol and phosphatidylserine. The predominant cellular fatty acid was iso-C 15 : 0 . The DNA G+C content of strain KSR 13 T was 53.4 mol%. The 16S rRNA gene sequence analysis also indicated that strain KSR 13 T belonged to the genus Polycladomyces, being most closely related to Polycladomyces abyssicola JIR-001 T (99.2 %). The DNA-
The genus Polycladomyces belonging to the family Thermoactinomycetaceae was first described by Tsubouchi et al. [1] . This genus consists of one species; Polycladomyces abyssicola JIR-001
T is the type species. Members of this genus develop singly along non-motile spores on the aerial mycelium [1] . The genus Polycladomyces has meso-diaminopimelic acid (DAP) in the cell wall. No characteristic sugars are observed and mycolic acids are not detected. The major isoprenoid quinine is MK-7, but MK-8 is also present. The polar lipid profile consists of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol, phosphatidylserine and four amino group containing phospholipids. Predominant cellular fatty acids are often present as iso-branched fatty acids, iso-C 15 : 0 , iso-C 17 : 0 , iso-C 16 : 0 and C- 16 :0. The DNA G+C content is 55.1 mol% [1] .
During a phylogenetic study on poly(L-lactide) (PLA)-degrading thermophilic bacteria and their PLA-degrading enzyme, strain KSR 13 T was isolated from forest soil at Srinagarind Dam, Kanchanaburi Province, Thailand (sample site GPS location 14 38¢ 15.1¢¢ N 98 59¢ 08.8¢¢ E). The isolate was identified as a new member of the genus Polycladomyces based on morphological, chemotaxonomic, phylogenetic and DNA-DNA relatedness analyses. Here, we report the taxonomic characterization and classification of strain KSR 13 T and propose a novel species, Polycladomyces subterraneus sp. nov.
Soil samples were taken from 1 to 5 cm of the organic layer soil surface and kept at 4 C. The samples were sonicated for 30 s, serially diluted and spread on emulsified PLA agar plates [0.4 % NH 2 (SO) 4 T was purified on International Streptomyces Project (ISP) 2 medium. The pure culture was preserved in glycerol (10 %, v/v) at -80 C and in liquid-dried ampoules. Polycladomyces abyssicola JIR-001 T was used in this study for comparison purposes.
The morphological characteristics of strain KSR 13 T grown on nutrient agar at 50 C for 24 h were observed under a light microscope (BX51; Olympus) with a phase contrast objective lens (LWD CDPlanÂ40/0.55; Olympus), and a scanning electron microscope (Quanta 450; FEI). Samples on nutrient agar for scanning electron microscopy were prepared as described previously [3] . The cultural characteristics of strain KSR 13 T as compared with P. abyssicola JIR-001 T were determined on various media: ISP 2; oatmeal agar (ISP 3); inorganic salt-starch agar (ISP 4); and glycerol-asparagine agar (ISP 5). Melanoid pigment production was examined on tyrosine agar (ISP 7) [4] , following incubation at 50 C for 7 and 14 days. Cultures on each medium were examined for the development of aerial and substrate mycelia, their colour, and the production of diffusible pigments. The ISCC-NBS System of Color Designation was used to determine colour designations and names. Gramstaining was carried out by using Gram's method, according to Cappuccino and Sherman [5] . Motility of cells was assayed using a semi-solid ISP 2 agar tube supplemented with 0.5 % agar.
Utilization of carbohydrates as sole carbon sources was tested using ISP 9 as a basal medium [4] supplemented with a final concentration of 1 % of the carbon sources. Gelatin liquefaction, peptonization of milk, nitrate reduction and starch hydrolysis were determined through cultivation on various media, as described by Arai [6] and Williams and Cross [7] . Catalase activities were determined using the method of Greenwood and Pickett [8] . The enzyme activities were determined by using the API ZYM system (bio-M erieux), according to the manufacturer's instructions. Cells were inoculated by stabbing with a straight needle; the tube was then incubated at 50 C for 7 days. To determine the effects of temperature, pH and NaCl on growth, strain KSR13 T was cultured under shaking conditions for 24 h. The culture was grown on nutrient broth (NB) incubated at pH 7 incubated at 40, 45, 50, 55, 60, 65, 70 and 75 C. The effects of pH and NaCl were examined at 50 C on NB adjusted to pH 4.0-9.0 at intervals of 1 pH unit and NB with addition of NaCl concentrations to 1-5 % (w/v) at intervals of 1.0 %, respectively. Growth was measured by its optical density at 600 nm by using a spectrophotometer (Rayleigh).
Sensitivity to antibiotics was examined by following the method of Tsubouchi et al. The results for strain KSR 13 T were consistent with its assignment to the genus Polycladomyces [1] . On nutrient agar, strain KSR 13 T formed colonies with circular shapes and radially ridged surfaces. Substrate mycelium, but no aerial mycelium, was observed; however, when grown on ISP 2 at 73 C for 3 days, a white aerial mycelium was produced. Scanning electron microscopy showed single spore (approximately 1.0-1.5 µm) on the end of each aerial mycelium ( Fig. 1) . Fragmentation of the substrate mycelium and motility of cell were not observed. The phenotypic characteristics are indicated in the species description and in Table 1 . Strain KSR 13 T grew well on ISP 2, ISP 3 and ISP 4 agar. Moderate growth was observed on ISP 5 agar. The substrate mycelium was white. A brown soluble pigment was observed on ISP 7 agar. Growth of strain KSR 13 T was observed at 45-65 C (optimum, 50-55 C), at pH 5.0-8.0 (optimum, 6-7). Maximum growth was found on medium without the addition of NaCl, but it could tolerate up to 2.0 % NaCl. Cells were Gram-stain-positive. Casein and gelatin were decomposed by this strain; degradation of starch, tyrosine, hypoxanthine and xanthine were negative, whereas tests for activity of catalase, indole production and nitrate reduction were negative. The enzymatic activity of strain KSR 13 T was positive for alkaline phosphatase, esterase lipase C8, lipase C14, leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Strain KSR 13 T utilized fructose, galactose, myo-inositol, mannitol, mannose, sucrose and trehalose. Acid production was detected from all utilized carbohydrates.
The results of sensitivity tests demonstrated that strain KSR13
T was sensitive to bacitracin, polymyxin B, cephalothin, tetracycline, minocycline, vancomycin, kanamycin, lincomycin, streptomycin, novobiocin, gentamicin, rifampicin, chloramphenicol, erythromycin, ampicillin, carbenicillin, penicillin G, neomycin, imipenem, spectinomycin and cephalothin but resistant to novobiocin.
Freeze-dried cells used for chemotaxonomic analysis were obtained from a culture grown in NB [10] on a rotary shaker at 55 C for 24 h. The diagnostic diamino acid of the peptidoglycan was determined using the method of Staneck and Roberts [11] . Whole-cell sugars were analysed using cellulose thin-layer chromatography according to the method of Komagata and Suzuki [12] . Polar lipids in whole cells were extracted and analysed according to the method of Minnikin et al. [13] . Cellular fatty acid methyl esters were prepared using freeze-dried cells obtained from each culture of strain KSR13
T and P. abyssicola JIR-001 T grown on R2A medium [9] on a rotary shaker at 55 C for 48 h. The analysis procedure followed the protocol of the Sherlock Microbial Identification system (MIDI, Sherlock version 4.0B) [14, 15] , and the fatty acid methyl ester profile was then determined by using gas chromatography with reference to the RTSBA6 version 6.10 aerobic bacteria standard library (MIDI). Isoprenoid quinones were extracted and purified by using the method of Collins et al. [16] and determined using reverse-phase high-performance liquid chromatography (HPLC; Cosmosil 5 C18 column 4.6Â150 mm; Nacalai Tesque) with a mixture of methanol and 2-propanol (2 : 1, v/v) as the elution solvent [17] .
The whole-cell hydrolysate of strain KSR 13 T contained meso-DAP as the diagnostic diamino acid but contained no characteristic sugars, indicating that the cell-wall chemotype was III/C. The predominant menaquinone found in the isolate was MK-7 (97.8 %), as well as a small amount of MK-8 (2.2 %). The polar lipid pattern consisted of phosphatidylethanolamine, phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylserine and other four unknown polar lipids (Fig. S1 , available in the online Supplementary Material). The cellular fatty acid profile contained iso-C 15 : 0 (50.1 %) as major fatty acid components (>10 % each), while C 16 : 0 (6.1 %), iso-C 16 : 0 (9.0 %), iso-C 17 : 0 (9.8 %) and anteiso-C 15 : 0 (7.7 %) were found in moderate amounts, as shown in Table 2 . The fatty acid profile of strain KSR 13 T was similar to the profile of the closest related strain, P. abyssicola JIR-001 T , in that iso-C 15 : 0 (44.3 %), C 16 : 0 (11.4 %) and iso-C 17 : 0 (17.9 %) were major fatty acid components while iso-C 16 : 0 (5.4 %) and anteiso-C 15 : 0 (5.3 %) were found in moderate amounts. Mycolic acids were absent.
Genomic DNA was prepared according to the method of Saito and Miura [18] . The 16S rRNA gene of strain KSR 13 T was amplified by PCR as described previously [19] [20] [21] [22] . The PCR product of the 16S rRNA gene was sequenced by Macrogen using universal primers. Multiple alignments were carried out by using the CLUSTALW program [23] in the BioEdit sequence alignment editor. The 16S rRNA gene sequence similarity was calculated using a BLAST search with the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/ [24] ). Phylogenetic trees were reconstructed by neighbourjoining [25] , maximum-parsimony [26] and maximumlikelihood [27] methods using MEGA 7 sequence analysis software. The robustness of individual branches was estimated by bootstrapping with 1000 replications [28] . The G+C content of the genomic DNA was determined using the method of Tamaoka and Komagata [29] after treatment with P1 nuclease and alkaline phosphatase. HPLC was carried out using a Shimadzu LC-6AD apparatus equipped with a Cosmosil 5 C18 -AR column (4.6Â150 mm; Nacalai Tesque). DNA-DNA hybridization with its closest phylogenetic neighbour was carried out by using the photobiotinlabelling method in microdilution wells as described by Ezaki et al. [30] . DNA-DNA relatedness (%) was determined using the colorimetric method [31] .
Pair-wise sequence similarities were calculated in the 16S rRNA gene sequence of 1472 bases. The new strain exhibited the highest 16S rRNA gene sequence similarity (99.2 %) to P. abyssicola JIR-001 T . Phylogenetic trees reconstructed by neighbour-joining (Fig. 2) , maximum-parsimony (Fig.  S2a) and maximum-likelihood (Fig. S2b ) methods showed similar tree topologies. The phylogenetic relationships among strain KSR 13 T , P. abyssicola JIR-001 T and some members of the family Thermoactinomycetaceae revealed that strain KSR 13 T formed a cluster with most related strain P. abyssicola JIR-001
T . The G+C content of the genomic DNA from strain KSR 13 T was 53.4 mol%. The DNA-DNA relatedness levels of KSR 13 T with P. abyssicola JIR-001 T were 17.8-32.1 %, which are significantly below the 70 % cut-off point recommended by Wayne et al. [32] for the delineation of separate bacterial species. Although very high 16S rRNA gene sequence similarities were found with P. abyssicola, the DNA-DNA values clearly distinguished strain KSR 13 T as a distinct species of the genus Polycladomyces.
From the physiological and biochemical analysis, strain KSR 13 T could be clearly distinguished from P. abyssicola JIR-001
T based on differentiation of utilization of sugars, such as fructose, maltose, ribose, xylose, lactose, myo-inositol, raffinose, glutamic acid, malate, ornithine and propionate (Table 1) . Moreover, the various genotypic data, G+C content and low DNA-DNA relatedness values revealed that KSR 13 T could be distinguished from previously described species in the genus Polycladomyces.
Based on the genotypic and phenotypic evidences, strain KSR 13 T represents a novel species of the genus Polycladomyces, for which the name Polycladomyces subterraneus sp. nov. is proposed.
DESCRIPTION OF POLYCLADOMYCES SUBTERRANEUS SP. NOV.
Polycladomyces subterraneus (sub.ter.ra¢ne.us. L. masc. adj. subterraneus underground, subterranean).
Planifilum yunnanense LA5 T (DQ119659)
Planifilum fulgidum 500275 T (AB088362)
Planifilum fimeticola H0165 T (AB088364)
Polycladomyces subterraneus KSR 13 T (JF694784)
Polycladomyces abyssicola JIR-001 T (AB688114)
Melghirimyces algeriensis NariEX T (HQ383683)
Kroppenstedtia eburnea JFMB-ATE T (FN665656)
Desmospora activa IMMIB L-1269 T (AM940019) T , P. abyssicola JIR-001 T and some members of the family Thermoactinomycetaceae. The phylogenetic tree was reconstructed by using the neighbour-joining method. Bacillus subtilis DSM 10 T was used as an outgroup. Asterisks represent clades that were also recovered with the maximum-likelihood and maximum-parsimony algorithms. Numerals at nodes indicate bootstrap percentages derived from 1000 replications (only values greater than 50 % are indicated). Bar, 0.001 substitutions per nucleotide position.
Aerobic, Gram-stain-positive, thermophilic poly(L-lactide) (PLA)-degrading bacteria that forms white substrate and aerial mycelia on ISP2. Singly developing, non-motile spores are formed on the aerial mycelium. Optimal growth is at temperature of 50-55 C, and pH of 6-7 and in the absence of NaCl, but can tolerate up to 2 % NaCl (w/v). The strain utilizes alanine, acetate, arginine, asparagine, aspartic acid, citrate, D-fructose, D-galactose, maltose, D-mannose, D-ribose, sucrose, fumarate, glutamate, glutamic acid, malate, myo-inositol, mannitol, ornithine, propionate, pyruvate, succinate and trehalose as sole carbon sources for growth but not D-ribose, L-arabinose and D-xylose, whereas D-sorbitol, lactose, L-rhamnose, raffinose are doubtful for use as sole carbon sources. Skimmed milk coagulation, gelatin liquefaction, arbutin and aesculin degradation are positive but indole production, nitrate reduction, degradation of xanthine, hypoxanthine, urea and hydrolysis of starch are negative. Positive for alkaline phosphatase, esterase lipase C8, lipase C14, leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BIphosphohydrolase. Sensitive to bacitracin, polymyxin B, cephalothin, tetracycline, minocycline, vancomycin, kanamycin, lincomycin, streptomycin, novobiocin, gentamicin, rifampicin, chloramphenicol, erythromycin, ampicillin, carbenicillin, penicillin G, neomycin, imipenem, spectinomycin and cephalothin but resistant to novobiocin. Cell-wall peptidoglycan contains meso-DAP. The peptidoglycan type is A1 and the cell-wall chemotype is III. No characteristic sugars were detected. MK-7 is predominant menaquinone. The major cellular fatty acid was iso-C 15 : 0 . Polar lipids consist of phosphatidylethanolamine, phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylserine.
The type strain is strain KSR 13 T (=BCC 50740 T =NBRC 109332 T ) and was isolated from forest soil collected from Srinagarind Dam, Kanchanaburi Province, Thailand. The G+C content of the DNA is 53.4 mol%.
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